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(54) Optical disc drive and method of discriminating optical discs 



(57) An optical disc drive (1 ) which can. play back or 
record and play back different types of optical discs hav- 
ing different reflectances includes a device for receiving 
light reflected from the loaded optical disc and detecting 
a quantity of the received light. The device includes cir- 
cuits for amplifying the obtained signal at a first amplifi- 
cation level and at a second amplification level which is 
higher than the first amplification level. In order to dis- 
criminate a low-reflectance optical disc from a high- 
reflectance optical disc, the optical disc drive performs a 
first discriminating step (Si 03) for discriminating the 
type of the optical disc based on the signal amplified at 
the first amplification level; a second discriminating step 
(S112) for discriminating the type of the optical disc 
based on the signal amplified at the second amplifica- 
tion; and a third discriminating step for discriminating 
the type of the optical disc based on information carried 
by the optical disc to identify the type of the optical disc. 
By performing these steps, this optical disc drive makes 
it possible to discriminate the type of the optical disc 
easily and reliably. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 ] This invention relates to an optica! disc drive for 
playing back or recording and playing back an optical 
disc and a method of descriminating optical discs. 

Description of the Prior Art 
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[0002] There are known optical disc drives for record- 
ing and playing back an optical disc such as a CD (com- 
pact disc). CD-ROM, CD-R (CD- Recordable) and CD- is 
RW. i- 
[0003] In general, due to their respective recording 
layer properties, the CD, CD-ROM and CD-R are classi- 
fied as high-reflectance optical discs, and the CD-RW is 
classified as a low-reflectance optical disc. - 20 
[0004] In this connection, in recent years/optical disc 
drives which can playback or reproduce two or more 
types of the high reflectance optical discs selectively 
with a single optical disc drive are proposed. Examples 
of such optical disc drives include an optical disc drive 2s 
which can playback or reproduce CD-ROM and CD-R. 
[0005] However, an optical disc drive which can play- 
back or record and playback not only the high-reflect- 
ance optical disc but also the low-reflectance optical 
disc with a single optical disc drive has not yet been 30 
known in the prior art. , 

SUMMARY OF THE INVENTION 

[0006] It is therefore an object of the present invention 35 
to provide an optical disc drive which can easily and reli- 
ably playback or record and playback two or more types 
of optical discs having different reflectances (i.e., high- 
reflectance optical disc and low-reflectance optical 
disc). 40 
[0007] It is another object of the present invention to 
provide a method of discriminating a loaded optical disc 
used in an optical disc drive which can play back or 
record and play back different types of optical discs hav- 
ing different reflectances. ; 

[0008] In order to achieve the object, the present 
invention is directed to an optical disc drive which can 
play back or record and play back different types of opti- 
cal discs having different reflectances. The optical disc 
drive comprises: 50 

a driving mechanism for rotating an optical disc; 
detecting means for receiving light reflected from 
the optical disc and detecting a quantity of the 
received light based on a signal obtained from the ss 
received light; 

discriminating means for discriminating the type of 
the optical disc based on the obtained signal which 



varies by the difference between the reflectances of 
the optical discs. . 

[0009] . In the present invention, the optical discs hav- 
ing different "reflectances include a high-reflectance 
optical disc and a low-reflectance optical disc, and the 
discriminating means discriminates as to' whether or not 
the optical disc is the high-reflectance optical disc and 
the low-reflectance optical disc. ... . 
[001 0] It is preferred that the receiving and detecting 
means includes means for amplifying the obtained sig- 
nal at a first amplification level and at a second amplifi- 
cation level which is different from the first amplification 
level. 

[001 1] In this case, the discriminating means includes 
first discriminating means for discriminating the type of 
the optical disc based on the signal amplified at the first • 
amplification level, and second discriminating means for. 
discriminating the type of the optical disc based on the 
signal amplified at the second amplification when the 
type of the optical disc has not been discriminated by 
the first discriminating means. 

[0012] Further, in the present invention, the second 
amplification level is higher than the first amplification 
level, in which the first discriminating means is used for 
discriminating the high-reflectance optical disc and the 
second discriminating ^ means is used for discriminating 
the lowrreflectance optical disc. . 
[001 3] In the present invention, it is also preferred that 
the optical disc drive further includes means for discrim- 
inating the type. of. the optical disc based on information 
carried by the optical disc to identify the type of the opti- 
cal disc. 

[0014] Preferably, the information is time information 
previously recorded on the optical disc. 
[001 5] Further, it is preferred that the optical disc drive 
further includes means for setting recording and playing 
back condition suitable for the finally discriminated type 
of the optical disc. 

[0016] As described above, the optical disc drive of 
the present invention can playback or record and play- 
back optical discs selected from a plurality of optical 
disc types having different reflectances (i.e., ■ high 
reflectance optical discs and low reflectance optical 
discs). 

[0017] In particular, because the optica! disc drive 
includes the discriminating means for discriminating the , 
type of the optical disc based on information carried by 
the optica! disc to identify the type of the optical disc, it 
becomes possible to more reliably playback or record 
and playback optical discs selected from a plurality of 
optical disc types having the different reflectances 
including the high -reflectance disc and the low-reflec- 
tace optical disc. 

[0018] Another aspect of the present invention is 
directed to an optical disc drive which can play back or 
record and play back different types of optical discs hav- 
ing different reflectances. The optical disc comprises a 



2 



3 EP 0 910 079 A1 4 



driving mechanism for rotating an optical disc; means 
for receiving light reflected from the optical disc and 
detecting a quantity of the received light based on a sig- 
nal obtained from the received light, said means 
includes means for amplifying the obtained signal at a 
first amplification level and at a second amplification 
level which is higher than the first amplification level; 
first discriminating means for discriminating the type of 
the optical disc based on the signal amplified at the first 
amplification level; second discriminating means for dis- 
criminating the type of the optical disc based on the sig- 
nal amplified at the second amplification; and third 
discriminating means for discriminating the type of the 
optical disc based on information carried by the optical 
disc to identify the type of the optical disc. 
[001 9] In the above configuration, the second discrim- 
inating means is used in the case where the first dis- 
criminating means can not discriminate the type of the 
optical disc, and the third discriminating means is used 
in the case where the second discriminating means can 
not discriminate the type of the optical disc. 
[0020] Further, it is preferred that the first discriminat- 
ing means is used for discriminating as to whether the 
optical disc is the high-reflectance optical disc or not 
the second discriminating means is used for discrimi- 
nating as to whether the optical disc is the low-reflect- 
ance optical disc or not and the third discriminating 
means is used for compensating the discriminated 
result of the second discriminating means. 
[0021] Preferably, the information is time information 
previously recorded on the optical disc. 
[0022] Preferably, the optical disc drive further com- 
prises means for setting recording and playing back 
condition suitable for the finally discriminated type of the 
optical disc. 

[0023] Other aspect of the present inverrtin is directed 
to a method of discriminating a loaded optical disc used 
in an optical disc drive which can play back or record 
and play back different types of optical discs having dif- 
ferent reflectances. The method comprising the steps 
of: receiving reflected light from the loaded optical disc 
to produce a signal corresponding to the quantity of the 
received light, the signal being amplified at a fist ampli- 
fication level; discriminating the type of the loaded opti- 
cal disc based on the signal amplified at the first 
amplification level; and discriminating the type of the 
loaded optical disc based on the signal amplified at a 
second amplification level which is higher than the first 
amplification level. 

[0024] . In the above method, it is preferred that the 
method further comprises the step of discriminating the 
type of the loaded optical disc based on the information 
carried by the optical disc. 

[0025] Further, in this method, it is preferred that the 
first discriminating step discriminates as to whether the 
optical disc is the high-reflectance optical disc or not 
[0026] Furthermore, in this method, it is preferred that 
the second discriminating step discriminates as to 



whether the optical disc is the low-reflectance optical 
disc or not. 

[0027] Moreover, in this method, it is preferred that the 
third discriminating step is used for compensating the 

5 discriminated result of the . second discriminating 
means. In this third method, the information is time infor- 
mation previously recorded on the optical disc. 
[0028] According to these aspects of the present 
invention, it is also possible to discriminate the type of 

w the optical disc, that is as to whether the loaded optical 
disc is a high-reflectance optical disc or a low-reflect- 
ance optical disc reliably and easily. Further, use of the 
information carried by the optical disc increases the reli- 
ability of the discrimination. 

75 [0029] Other objects, structures and advantages of 
the present invention will be apparent when the follow- 
ing description of the preferred embodiment is consid- 
ered taken in. conjunction with the accompanying 
drawings. 

20 ... 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] 

25 Rg. 1 is an illustration which shows a state that the 
optical disc drive according to the present invention 
is connected to an computer. 
Fig. 2 is a block diagram which shows an embodi- 
ment of the optical disc drive according to the 
30 present invention. 

Rg. 3 is a timing chart which shows the ENCODE 
EFM signal from the EFM/CDROM encoder and the 
ENCODE EFM signal from the laser control section 
in the optical disc, drive according to the present 
35 invention. 

Rg. 4 is a timing chart which shows the ATIP-SYNC 
signal, the SUBCODE-SYNC signal from the SYNC 
signal generating/ATI P decoder and the ATIP error 
signal in the optical disc drive according to the 
40 present invention. 

Rg. 5 is a timing chart which shows the ATIP-SYNC 
signal, the SUBCODE-SYNC signal from the SYNC 
signal generating/ATI P decoder and the SUB- 
CODE-SYNC signal from the CD servo controller in 
45 the optical disc drive according to the present 
invention. 

Rg. 6 is a timing chart which shows the 1T Biphase 
ATIP timing, the WOBBLE signal and the digitised 
WOBBLE signal in the optical disc drive according 
50 to the present invention. 

Rg. 7 is a timing chart which shows the BIDATA sig- 
nal, the BICLOCK signal and the ATIP-SYNC signal 
in the optical disc drive according to the present 
invention. 

55 Rg. 8 is a chart which shows a format of an ATIP 
frame. 

Rg. 9 is a timing chart which shows the ATIP-SYNC 
signal and the SUBCODE-SYNC signal in the opti- 
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cal disc drive according to the present invention. 
Fig. 1 0 is a timing chart which shows an input signal 
inputted to the peek/bottom detecting circuit, the 
amplitudes of the inputted signal (envelope), and 
the PEEK signal and the BOTTOM signal in the s 
optical disc drive according to the present invention. 
Fig. 11 is a timing chart which shows the SUB-. 
CODE-SYNC signal from the CD servo controller 
and the CI ERROR signal in the optical disc drive 
according to the present invention. 10 
Fig. 1 2 is a timing chart which shows the DATA sig- 
nal of an audio format, the LRCLOCK signal and 
the BITCLOCK signal in the optical disc drive 
according to the present invention. 
Fig. 13 is a timing chart which shows the SUB- is 
CODE-SYNC signal from the CD servo controller, 
the FRAM SYNC signal, the HF signal (EFM signal) 
in the optical disc drive according to the present 
invention. 

Fig. 14 is a drawing which shows a format of the Q 20 
data of 96 bits. ■ * 

Fig. 15 is a drawing which shows one subcode 
frame. 

Fig. 16 is a block diagram which shows an example 
of an HF signal gain switching circuit according to 2s 
the present invention. 

Fig. 17 is a flow chart which shows the operations 
of the control means when the type of the optical 
disc is discriminated. 

30 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



[0031] With reference to the appended drawings, a 
detailed description will now be given for the preferred 35 
embodiments of an optical disc drive according to the 
present invention. 

[0032] Fig. 1 is an illustration which shows an optical 
disc drive 1 of the present invention in a connected state 
with a computer, and Fig. 2 is a block diagram which 40 
shows an embodiment of the optical disc drive 1 of the 
present invention. 

[0033] The optical disc drive 1 shown in these draw- 
ings is capable of recording and playing back an optical 
disc 2 selected from a plurality of types of optical discs as 
having different reflectances, namely, high-reflectance 
optical discs (CD-R and CD-ROM in the present 
embodiment) and low-reflectance optical discs (CD-RW 
in the present embodiment). 

[0034] The optical disc drive 1 mentioned above is so 
provided with an optical disc discrimination means 
which comprises a received light quantity detection 
means for detecting the quantity of light (i.e., the quan- 
tity of received light) reflected from the optical disc 2, an 
optical disc discrimination means for discriminating the ss 
type of the optical disc 2 (i.e., whether the optical disc 2 
is a high-reflectance optical disc or a low-reflectance 
optical disc) and a compensation means for increasing 



the reliability of the discrimination results of the optical 
disc discrimination means, and setting means for set- 
ting appropriate conditions for recording and playing 
back the optical disc 2 in accordance with the type of the 
optical disc 2 finally determined by the optical disc dis- 
crimination means. A detailed description concerning 
such elements will be given, later. 
[0035] When the optical disc 2 is 1 a recordable (write 
in) type optical disc (CD-R, CD-RW), a spiral Pre- 
groove (WOBBLE) not shown in the drawings is formed 
therein. 

[0036] In optical discs 2 of the type of recorable. there 
is formed a spiral pre-groove (WOBBLE) which, is not 
shown in the drawing. 

[0037] The pre-groove meanders at a predetermined 
period (22.05kHz at the reference rotation speed (1X)), 
and ATIP (Absolute Time in Pre-groove) information 
(time information) is previously recorded with the pre- 
groove. The ATIP information is recorded by being 
biphase modulated and frequency-modulated at a car- 
rier frequency of 22.05kHz. 

[0038] The Pre-groove functions as a guide groove 
when forming pits and lands (recording pits and lands) 
for the optical disc 2. Further, the information recorded 
by the pre-groove is reproduced and then utilized to 
control the rotation speed of the optical disc 2 and spec- 
ify a recording position (absolute time) on the optical 
disc 2. 

[0039] The optical disc drive 1 is equipped with a turn- 
table and a spindle motor 8 for rotating the turntable, 
and includes a rotation driving mechanism (not shown 
in the drawings) for rotating the turntable when the opti- 
cal disc is loaded thereon. Further, a Hall element 9 is 
arranged near the spindle motor 8. 
[0040] Further, the optical disc drive 1 includes an 
optical head (hereinafter, referred to as "optical pick- 
up") 3 capable of movement along a radial direction of 
the loaded optical disc 2 (i.e., along a radial direction of 
the turntable); an optical pick-up moving mechanism 
(not shown in the drawings) equipped with a sled motor 
5 to move the optical pick-up 3, that is an optical pick-up 
base of the optical pick-up 3 along the radial direction of 
the turntable; drivers 6 and 1 1 ; PWM signal smoothing 
filters 7 and 12; control means 13; a laser control sec- 
tion 14; an HF signal generating circuit 15; an HF signal 
gain switching circuit 16; a peak/bottom detection circuit 
1 7; an error signal generating circuit 1 8; a WOBBLE sig- 
nal detection circuit, 19; a CD servo controller 21; a 
WOBBLE servo controller 22; a FG signal digitization 
circuit 23; an EFM/CD-ROM encoder control section 24; 
memories 25. 26 and 29; a SYNC signal generat- 
ing/ATIP decoder 27; a CD-ROM decoder control sec- 
tion 28; an interface control section 31 ; clocks 32, 33, 34 
and 35; and a casing 10 which houses all these ele- 
ments. Hereinbelow, the radial direction of the optical 
disc 2 along which the optical pick-up 3 is capable of 
moving will simply be referred to as the "radial direc- 
tion." 
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[0041] The optical pick-up 3 includes (but not shown 
in the drawings) an optical pick-up base equipped with a 
laser diode (light source) and a photodiode (light-receiv- 
ing element), and an objective lens (converging lens). 
The operation of the laser diode is controlled by the 
laser control section 14. 

[0042] The objective lens is supported by suspension 
springs provided on the pick-up base and can be 
moved, with respect to the pick-up base, along the 
radial direction and the rotational axial direction of the 
optical disc 2 (i.e., the axial direction of the turntable), in 
this way, if the objective lens is shifted from its neutral 
position (central position), the restoring force of the sus- 
pension springs will bias the objective lens toward the 
neutral position. Hereinbelow, the rotational axial direc- 
tion of the optical disc 2 will simply be referred to as 
"axial direction." 

[0043] Further, the optical pick-up 3 includes an actu- 
ator 4 to. move the objective lens respectively in the 
radial direction and the axial direction with respect to the 
pick-up base. 

[0044] Fig. 16 is a block diagram (circuit diagram) 
which shows an example configuration of the HF signal 
gain switching circuit 16. 

[0045] As shown in this drawing, the HF signal switch- 
ing circuit 16 is constructed from a variable gain (ampli- 
fication factor) differential amplifier (differential 
amplifier) which includes an operational amp (amplifier) 
161, an analog switch 162, a resistor 163 having a 
resistance value R1, a resistor 164 having a resistance 
value R2, and a resistor 165 having a resistance value 
R3. 

[0046] The resistors 164, 165 and the analog switch 
162 are connected between the negative input terminal 
and the output terminal of the operational amp 161, and 
the resistor 163 is connected between the output of the 
reference voltage and the positive input terminal of the 
operational amp 161. In this case, the resistor 165 is 
connected in a series arrangement with the analog 
switch 162, and the resistor 165 and analog switch 162 
are connected in a parallel arrangement with the resis- 
tor 164. 

[0047] The analog switch 1 62 can be turned ON or 
OFF by gain switching signals from the control means 
13. By turning the analog switch 162 ON or OFF, the 
resistor 165 is switched between a connected state 
(conducting state) or a disconnected state (non-con- 
ducting state). 

[0048] Namely, when the level of the gain switching 
signal from the control means 13 is high (H), the analog 
switch 162 is turned ON to establish a conducting path- 
way through the resistor 165, whereby the amplification 
factor of the HF signal gain switching circuit 16 is set at 
an amplification factor (first amplification factor) for CD- 
ROM/CD-R. 

[0049] On the other hand, when the level of the gain 
switching signal from the control means 13 is low (L), 
the analog switch 162 is turned OFF to place the resis- 



tor 1 65 in a non-conducting state, whereby the amplifi- 
cation factor of the HF signal gain switching circuit 16 is 
set at an amplification factor (second amplification fac- 
tor) for CD-RW. In this connection, the amplification fac- 
5 tor for CD-ROM/CD-R is less than the amplification 
factor for CD-RW. 

[0050] The HF signal from the HF signal generating 
circuit 1 5 (described later) is inputted into the negative 
terminal of the operational amplifier 161. Then, the dit- 
to ference in value between the level of this HF signal and 
the reference voltage which is inputted into the positive 
input terminal of the operational amp 161 via the resis- 
tor 163 is amplified by the HF signal gain switching cir- 
cuit 16, and then the amplified signal is outputted 
is therefrom. 

[0051 ] The control means 1 3 is generally constructed 
from a microcomputer (CPU), and it carries out control 
of the entire optical disc drive 1 , including control of the 
optical pick-up 3 (actuator 4), sled motor 5, spindle 
20 motor 8, laser control section 14, HF signal gain switch- 
ing circuit 16. peak/bottom detection circuit 17, CD 
servo controller 21, WOBBLE servo controller 22, 
EX/CD- ROM encoder control section 24, memories 25, 
26 and 29, SYNC signal generating/ATIP decoder 27, 
25 CD -ROM decoder control section 28, interface control 
section 31 and the like. 

[0052] Further, addresses, data, commands and the 
like from the control means 13 are inputted via an 
address/data bus 36 to the EFM/CD-ROM encoder con- 

30 trol section 24, memory 26, SYNC signal generat- 
ing/ATIP decoder 27, CD-ROM decoder control section 
28. interface control section 31 and the like. 
[0053] An separate apparatus (in the present embod- 
iment, a computer 41) can be freely connected to (and 

35 disconnected from) the optical disc drive 1 via the inter- 
face control section 31, and this makes it possible for 
the optical disc drive 1 and the computer 41 to commu- 
nicate with each other. 

[0054] As for the interface control section 3 1 , it is pos- 
40 sible, for example, to use an ATAPI (IDE) (ATAPI Stand- 
ard), SCSI (SCSI Standard) or the like. 
[0055] A keyboard 42, a mouse 43 and a monitor 44 
are connected to the computer 41 . 
[0056] In this regard, it is to be noted that the HF sig- 
45 nal generating circuit 15, the HF signal gain switching 
circuit 1 6, the peak/bottom detection circuit 1 7, the error 
signal generating circuit 18, the WOBBLE signal detec- 
tion circuit 19, the CD servo controller 21 and the WOB- 
BLE servo controller 22 constitute a signal processing 
so means. 

[0057] Further, the optical pick-up 3, the HF signal 
generating circuit 16 and the CD servo controller 21 
constitute the received light detection means (detecting 
means as claimed). 
55 [0058] Furthermore, the control means 13 performs 
most of the functions of the optical disc discriminating 
means, the compensating means and the setting 
means of the present invention. 
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[0059] Next, the operation of the optical disc drive 1 
will be described. 

[0060] While carrying out focus control, tracking con- 
trol, sled control and rotation control (rotation speed 
control), the optical disc drive 1 records (writes in) and 
plays back (read out) information (data) to and from a 
predetermined track of the optical disc 2. Hereinbelow, 
the operations carried out during (1) recording, (2) play- 
back, (3) focus control, tracking control arid sled control, 
and (4) rotation control (rotation speed control) will be 
described in this order in this order. ' 
[0061] First, as shown in Fig. 2, a predetermined 
COMMAND signal from the control means 13 is input- 
ted into the CD servo controller 21. Further, a predeter- 
mined COMMAND signal from the control means 13 is 
inputted into the WOBBLE servo controller 22. 
[0062] These COMMAND signals transmitted from the 
control means 13 to the CD servo controller 21 and the 
WOBBLE servo controller 22 are signals indicating pre- 
determined commands (e.g., to start controls and the 
like). ' • 
[0063] Then, a predetermined STATUS signal from the 
CD servo controller 21 is inputted into the control means 
13. Further, a predetermined STATUS signal from the 
WOBBLE servo controller 22 is inputted into the control 
means 13. 

[0064] These STATUS signals are in response to the 
commands mentioned above, namely, such status sig- 
nals indicate the statuses for the controls mentioned 
above (e.g., control success, control failure, control 
being carried out and other statuses). 



(1) Recording 

[0065] When data (signals) is to be recorded (written 
in) in the optical disc 2, the pre-groove formed in the 
optical disc 2 is reproduced (read out), after which the 
data is recorded in accordance with the pre-groove. 
[0066] When the data (signals) to be recorded on the 
optical disc 2 is inputted into the optical disc drive 1 via 
the interface control section 31, such data is inputted 
into the EFM/CD-ROM encoder control section 24. 
[0067] In the EFM/CD-ROM encoder control section 
24, such data is encoded in response to a clock signal 
(i.e., at the timing of the clock signal) from the clock 34 
and then undergoes modulation (EFM modulation) by a 
modulation method known as EFM (Eight to Fourteen 
Modulation) to form ENCODE EFM signals. 
[0068] As shown in Fig. 3, these ENCODE EFM sig- 
nals are formed from pulses each having a predeter- 
mined length (period) of any one of 3T - 1 1T. 
[0069] Further, as shown in Figs. 4 and 5, in the 
EFM/CD-ROM encoder control section 24, the clock 
signal from the clock 34 is divided, and a SUBCODE- 
SYNC signal (used as the second synchronizing signal) 
formed by a predetermined period pulse is generated. 
The pulse period of this SUBCODE-SYNC signal (i.e.. 
the time interval between adjacent pulses) is 1/75 sec- 



ond for the case of the reference rotation speed [IX). 
[0070] During the encoding described above, a syn- 
chronizing signal, namely, a SYNC pattern is added to 
the ENCODE EFM signal based on the SUBCODE- 
s SYNC signal (i.e;, on the timing of the SUBCODE- 
SYNC signal): Namely, a SYNC pattern is respectively 
added to the portion corresponding to the head portion 
of each SUBCODE frame. 

[0071] This ENCODE EFM signal is inputted into the 
10 laser control section 14 from the EFM/CD-ROM 
encoder control section 24. 

[0072] Further, an analog WRITE POWER signal 
(voltage) is outputted from a D/A converter (not shown 
in the drawings) in the control means 13 and it is then 
is inputted into the laser control section 14. 

[0073] Based on the ENCODE EFM signal, the laser 
control section 14 switches the level of the WRITE 
POWER signal from the control means 1 3 to a high level 
(H) or a low level (L), and then outputs such signal, 
20 thereby controlling the operations of the laser diode of 
the optical pick-up 3. 

[0074] In particular, during the period of time in which 
the ENCODE EFM signal is in a high (H) level, the laser 
control section 14 outputs a high level (H) WRITE 
25 POWER signal. Namely, the laser, output is increased 
(to a level for writing in data). Then, during the period of 
time in which the ENCODE EFM signal is in a low (L) 
level, the laser control section 14 outputs a low level (L) 
WRITE POWER signal. Namely, the laser output is 
30 decreased (returned to a level for reading out data). 
[0075] Thus, when the ENCODE EFM signal level is 
in the high (H) level, a pit having a predetermined length 
is formed in the optical disc 2. and when the ENCODE 
EFM signal level is in the low (L) level, a land having a 
35 predetermined length is formed in the optical disc 2. 
[0076] In this way, data is written (recorded) in a pre- 
determined track of the optical disc 2 with thus formed 
pits and lands. 

[0077] In the EFM/CD-ROM encoder control section 
40 24, a predetermined ENCODE EFM signal (random 
EFM signal) is generated in addition to the above-men- 
tioned ENCODE EFM signal. This random EFM signal 
is used for output adjustment (power control) of the 
laser when trial writing in a test area is carried out under 

45 OPC (Optimum Power Control) procedure. 

[0078] When trial writing in a test area under the OPC 
procedure, the random EFM signal is inputted into the 
laser control section 14 from the EFM/CD-ROM 
encoder control section 24. 

so [0079] Further, when trial writing is carried out in a test 
area during the OPC procedure, 15-step level WRITE 
POWER signals are generated in the control means 13. 
and these WRITE POWER signals are outputted from 
the D/A converter (not shown in the drawings) provided 

55 in the control means 1 3 and then inputted into the laser 
control section 14. 

[0080] Then, based on the random EFM signal, the 
laser control section 14 switches the level of the WRITE 
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POWER signals from the control means 13 to a high 
level (H) or a low level (L) and then outputs such signals, 
thereby controlling the operations of the laser diode of 
the optical pick-up 3. This is done for each of the 15- 
step level WRITE POWER signals. 
[0081] In this way, in the OPC procedure, trial writing 
in a test area can be carried out with laser light having a 
15-step output levels. 

[0082] Further, when writing data in the optical disc 2, 
laser light at a read-out output level is emitted from the 
laser diode of the optical pick-up 3 onto the pre-groove 
of the optical disc 2. and the light reflected therefrom is 
received by the split photodiode of the optical pick-up 3. 
[0083] The WOBBLE signal shown in Fig. 6 is output- 
ted from this split photodiode. As was mentioned above, 
this WOBBLE signal has a 22.05kHz frequency signal 
at the reference rotation speed (1X), and includes a sig- 
nal obtained by biphase modulating the ATIP informa- 
tion and further frequency-modulating it at a carrier 
frequency of 22.05kHz. 

[0084] This WOBBLE signal is inputted into the WOB- 
BLE signal detection circuit 19 where it undergoes digi- 
tization. 

[0085] The digitized WOBBLE signal is then inputted 
into the WOBBLE servo controller 22. 
[0086] In the WOBBLE servo controller 22, the fre- 
quency-modulated ATIP information in the WOBBLE 
signal is demodulated, and the B I DATA signal (biphase 
signal) shown in Fig. 7 is obtained. This BIDATA signal 
is a pulse signal having a length of any one of 1T - 3T. 
Further, by biphase demodulating and then decoding 
this BIDATA signal, it is possible to obtain the ATIP infor- 
mation. 

[0087] Further, in a digital PLL circuit (not shown in the 
drawings) provided in the WOBBLE servo controller 22, 
a clock is generated based on the BIDATA signal to 
obtain the BICLOCK signal shown in Fig. 7. This 
BICLOCK signal is used in timing for the decoding of the 
BIDATA signal (described later). 
[0088] The BIDATA signal and the BICLOCK signal 
are respectively inputted into the SYNC signal generat- 
ing/ATI P decoder 27. 

[0089] In the SYNC signal generating/ATIP decoder 
27, the BIDATA signal is biphase demodulated based on 
the BICLOCK signal, and the biphase demodulated 
BIDATA signal is then decoded to obtain the ATIP infor- 
mation. Further, the ATIP-SYNC signal (used as the first 
synchronizing signal) shown in Fig. 7 is also generated. 
[0090] In this case, as shown in Fig. 7, the ATIP-SYNC 
signal pulse is generated when the SYNC pattern 
included in the BIDATA signal is detected. The period of 
this ATIP-SYNC signal pulse (i.e., the time interval 
between adjacent pulses) is 1/75 second for the case of 
the reference rotation speed (1 X). 
[0091] This ATIP-SYNC signal is inputted into the con- 
trol means 13 and the WOBBLE servo controller 22, 
respectively. 

[0092] Further, the decoded ATIP information is input- 



ted into the control means 13. In this way, the control 
means 1 3 gets a position on the optical disc 2 (the abso- 
lute time) from this ATIP information. 
[0093] The above-mentioned SUBCODE-SYNC sig- 

s nal from the EFM/CD-ROM encoder control section 24 
is inputted into the SYNC signal generating/ATIP 
decoder 27, after which such SUBCODE-SYNC signal 
is respectively inputted into the control means 13 and 
the WOBBLE servo controller 22 from the SYNC signal 

io generating/ATIP decoder 27. 

[0094] Fig. 8 is a chart showing the frame format of 
the ATIP frame. As shown in this drawing, the frame for- 
mat of one ATIP frame is comprised of 4-bits for syn- 
chronizing signal (Sync); 8-bits for minutes (Min); 8-bits • 

is for seconds (Sec) ; 8-bits for frames (Frame) ; and 1 4-bits 
for error detection code (CRC: Cyclic Redundancy 
Code). 

[0095] In addition to time information (ATIP time infor- 
mation) which represents the absolute time on the opti- 
20 cal disc 2, the ATIP data includes special information 
(ATIP special information). This special information of 
the ATIP data is recorded in the Lead-in Area of the opti- 
cal disc 2. 

[0096] The most significant bits (MSB bit 7) from each 

25 of the Minutes, Seconds and Frames of the ATIP Frame 
shown in Fig. 8, namely, the combination comprised of 
bit positions 5, 1 3 and 2 1 makes it possible to deter mine 
whether the ATIP data of the ATIP Frame is special 
information or time information. Further, the special 

30 information comprises a variety of data, and it is possi- 
ble to determine contents and the like of such data from 
the combination of bits described above. 
[0097] In the case where the combination of bits at the 
bit positions 5, 13 and 21 is "101" (Disc Type kJentifica- 

35 tion), it shows that the ATIP information of the ATIP 
Frame is special information indicating whether or not 
the optical disc 2 is a CD-RW type disc. Further, when 
the RW bit (i.e., the bit at bit position 22) of the ATIP 
Frame is "1 it shows that the optical disc 2 is a CD-RW 
- 40 type disc, and when such RW bit is "0". it shows that the 
optical disc 2 is not a CD-RW type disc. 
[0098] The special information which shows whether 
or not the optical disc 2 is a CD-RW type disc is utilized 
to discriminate the disc type of the optical disc 2 (as 

45 described later). 

[0099] In the WOBBLE servo controller 22, the ATIP 
information of each of the ATIP frames undergoes an 
error detection process (to determine whether or not the 
ATIP information is wrong). 

50 [0100] In this ATIP information error detection proc- 
ess, if the results of a predetermined operation per- 
formed on the data of the Sync, Minutes, Seconds and 
other data of the ATIP frame match the error detection 
code (CRC), such a state is defined as a "normal", and 

55 if the results don't match the error detection code, such 
a state is defined as a "ATIP error". 
[01 01 ] in this case, if it is found that the ATIP informa- 
tion is wrong, namely if an ATIP error is detected, a 
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pulse 51 will be generated in the WOBBLE servo con- 
troller 22 as an ATIP error signal, and then it is output- 
ted, as shown in Fig. 4. 

[0102] The ATIP error signal which is formed from the 
pulse 51 is inputted into a counter (counting means) 131 s 
provided in the control means 13. Then, the number of 
the pulses of the ATIP error signal is counted by the 
counter 131, and the number of the pulses of the ATIP 
error signal is defined as the number of ATIP errors. 
[0103] Now, because this error detection process is io 
carried out on the ATIP information for every ATIP 
frame, a maximum of 75 ATIP errors can occur in 75 
ATIP frames (in one second at the reference rotation 
speed (1X)). 

[0104] In this connection, a detection means for 75 
detecting such ATIP errors is constructed from the 
WOBBLE servo controller 22. 

[0105] The counted value of the ATIP error is stored in 
the memory 26 and is also transmitted to the computer 
41 via the interface control section 31 to be utilized in 20 
examining the optical disc drive 1 (to judge the record- 
ing performance of the optical disc drive 1). 
[01 06] The ATIP-SYNC signal inputted into the control 
means 13 is utilized to the timing of renewal of ATIP 
time. 25 
[0107] Further, the ATIP-SYNC signal inputted into the 
WOBBLE servo controller 22 is used for synchroniza- 
tion with the SUBCODE-SYNC signal. 
[0108] The SUBCODE-SYNC signal inputted into the 
control means 1 3 is used for compensation (interpola- 30 
tion) of the ATIP time information described hereinbelow 
and the measurement of -the ATIP error' described 
above. 

[0109] Further, the SUBCODE-SYNC signal inputted 
into the WOBBLE servo controller 22 is used as a refer- 35 
ence signal for synchronization in the same manner as 
the ATIP-SYNC signal described above. 
[0110] In this connection, the synchronization is car- 
ried out such that the timing of the SUBCODE-SYNC 
signal in the EFM data generated when writing data 40 
becomes substantially synchronized with the timing of 
the ATIP-SYNC signal obtained from the optical disc 2. 
[01 1 1] As shown in Fig. 9, the SUBCODE-SYNC sig- 
nal and the ATIP-SYNC signal are normally allowed to 
shift up to ±2 EFM frames at the respective position on 45 
the entire optical disc 2. 

(2) Playback 

[0112] When data (signals) are to be played back so 
(read out) from the optical disc 2, the level of the WRITE 
POWER signal supplied from the laser control section 
14 is maintained at a predetermined DC level corre- 
sponding to a read-out output, and in this way, the laser 
output is maintained at the read-out output level. Nor- 55 
mally, the read-out output (the output of the main beam) 
is set to be equal to or less than 0.7mW. 
[01 1 3] Now, when data is being read out from the opti- 



cal disc 2, laser light at the read-out output is emitted 
from the laser diode of the optical pick-up 3 onto a pre- 
determined track of the optical disc 2, and the light 
reflected therefrom is received by the split photodiode of 
the optical pick-up 3. 

[0114] Then, electrical currents (voltages) corre- 
sponding to the quantity of received light are outputted 
respectively from each light-receiving portion of the split 
photodiode of the optical pick-up 3, and these currents, 
namely, each signal (detected signal) is respectively 
inputted into the HF signal generating circuit 15 and the 
error signal generating circuit 18. 
[0115] In the HF signal generating circuit 15, these 
detection signals undergo addition, subtraction and the 
like to generate an HF (RF) signal. 
[01 16] This HF signal is an analog signal correspond- 
ing to pits and lands formed in the optical disc 2. 
[01 17] As described above, this HF signal is inputted 
into the HF signal gain switching circuit 16 and then 
amplified. The amplification factor of the HF signal gain 
switching circuit 16 is switched by a gain switching sig- 
nal from the control means 13. 

[01 18] The amplified HF signal (hereafter, referred to 
as the "HF signal") is respectively inputted into the 
peak/bottom detection circuit 17 and the CD servo con- 
troller 21. 

[0119] Further, a tracking error (TE) signal (which is 
described under (3) Focus Control, Tracking Control 
and Sled Control) is inputted into the peak/bottom 
detection circuit 17. 

[01 20] As shown in Fig. 1 0, in the peak/bottom detec- 
tion circuit 17, the amplitudes of the inputted signals 
' (envelope), such as the HF signal and the tracking sig- 
nal, are extracted. 

[0121] The top and bottom of the amplitude are 
referred to respectively as the "PEAK" and "BOTTOM", 
wherein the signal corresponding to the tops of the 
amplitudes is referred to as "PEEK signal", and the sig- 
nal corresponding to the bottoms of the amplitudes is 
referred to as "BOTTOM signal". 
[0122] The PEEK signal and the BOTTOM signal are 
respectively inputted into the A/D converter (not shown 
in the drawings) in the control means 13, and in this A/O 
converter such signals are converted into digital signals. 
[0123] These PEAK and BOTTOM signals are used, 
for example, to measure the amplitude, to adjust the 
amplitude of the tracking error signal, to calculate the p 
value in the OPC (Optimum Power Control) procedure, 
and to determine the presence or absence of the HF 
signal. 

[01 24] In the CD servo controller 21 , the HF signal is 
digitized and EFM demodulated to obtain an EFM sig- 
nal. This EFM signal is a signal formed by a pulse hav- 
ing a length (period) corresponding to any one of 3T - 
11T 

[0125] Then, in the CD servo controller 21, an error 
correction (CIRC error correction) which uses an error 
correction code referred to as a CIRC (Cross Inter- 
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leaved Read Solomon Code) is carried out twice on this 
EFM signal. 

[0126] In this case, the first CIRC correction is referred 
to as a "C1 error correction", and the second CIRC cor- 
rection is referred to as the "C2 error correction". 
[0127] Further, the case where error correction can 
not be carried out by the first CIRC correction, namely 
by the C1 error correction is referred to as a "C1 error", 
and the case where error correction can not be carried 
out by the second CIRC correction, namely by the C2 
error correction is referred to as a "C2 error". 
[0128] As shown in Fig. 11, if a C1 error is detected 
during the C1 error correction in the CD servo controller 
21, a pulse 52 is generated and then it is outputted. 
[0129] The C1 error signal comprised of the pulses 52 
is inputted into the counter 131 of the control means 13. 
Then, the number of the pulses of the C1 error signal is 
counted (measured) by the counter 131 as the number 
of C1 errors. 

[0130] Now, because one subcode frame is com- 
prised of 98 EFM frames, a maximum number of 7350 
C1 and C2 errors can occur respectively in 75 subcode 
frames (in one second at the reference rotation speed 
(1X)). 

[01 31 ] In this regard, it is to be understood that the CD 
servo controller 21 constitutes a detection means for 
detecting the C1 error. 

[01 32] The counted value of C1 errors is stored in the 
memory 26 and is also transmitted to the computer 41 
via the interface control section 31 to be utilized in 
examining the optical disc drive 1 (to judge the playback 
performance or the recording/playback performance of 
the optical disc drive 1). 

[0133] In the CD servo controller 21, the EFM signal 
after CIRC error correction has been carried out is 
decoded (converted) into a predetermined format data, 
namely, a DATA signal. 

[0134] Next, a description will be given for a typical 
case in which audio data (music data) is recorded on an 
optical disc 2 and its EFM signal is decoded into an 
audio format DATA signal. 

[0135] In this connection, Fig. 12 is a timing chart 
showing an audio format DATA signal, an LRCLOCK 
signal and a BITCLOCK signal. 

[0136] As shown in this drawing, in the CD servo con- 
troller 21 , the EFM signal is decoded into a DATA signal 
comprised of 16-bit L-channel data and 16-bit R-chan- 
nel data based on a clock signal from the, clock 33. 
[0137] Further, in the CD servo controller 21 , the BIT- 
CLOCK signal and the LRCLOCK signal are respec- 
tively generated based on the clock signal from the 
clock 33. This BITCLOCK signal is a serial data transfer 
clock. 

[0138] Further, the LRCLOCK signal is a signal for 
discriminating the L-channel data and the R-channel 
data in the DATA signal. In this case, the high (H) level 
of the LRCLOCK signal represents the L-channel data, 
and the low (L) level of the LRCLOCK signal represents 



the R-channel. 

[01 39] Now, in the case where normal data other than 
audio data is recorded on the optical disc 2, the EFM 
signal thereof is also decoded into a DATA signal com- 
5 prised of the above-mentioned 16-bit L-channel data 
and 16-bit R-channel data. 

[01 40] The DATA signal, the LRCLOCK signal and the 
BITCLOCK signal are respectively inputted into the CD- 
ROM decoder control section 28. 

io [01 41 ] In the case where error correction information 
such as ECC (Error Correction Code)/EDC (Error 
Detecting Code) is recorded on the optical disc 2, error 
correction is carried out for the DATA signal in the CD- 
ROM decoder control section 28. 

is [01 42] This ECC/EDC is an error correction code used 
in a CD-ROM MODE 1 format With this error correc- 
tion, it is possible to reduce the bit error rate to a degree 
of10* 12 . 

[0143] Next, in the CD-ROM decoder control section 
20 28. the DATA signal is decoded into predetermined for- 
mat data for communication (transmission) based on 
the clock signal from the clock 35, and this decoded 
data is then transmitted to the computer 41 via the inter- 
face control section 31 . 
25 [0144] In the computer 41 , for example, this decoded 
data is encoded, and then this encoded data is recorded 
(copied) into a predetermined recording medium (e.g., a 
hard disc). 

[0145] Further, the FRAME SYNC signal shown in 

30 Fig. 13 is generated in the CD servo controller 21 . 

[0146] The level of this FRAME SYNC signal becomes 
high (H) when the HF signal is inputted into the CD 
servo controller 21 and the EFM signal is being syn- 
chronized at a specified period (3T - 1 1T). Further, if no 

35 HF signal becomes inputted (i.e., if there becomes no 
synchronization of the EFM signal), the level of the 
FRAME SYNC signal is switched from a high (H) level to 
a low (L) level at the respective EFM frame unit. 
[0147] In this regard, it is to be understood that, in the 

40 case of the reference rotation speed (1X), the length 
(period) of one EFM frame is 136|isec, and 98 EFM 
frames form one subcode frame. 
[0148] This FRAME SYNC signal is inputted into the 
control means 13, and it is used for detecting the termi- 

45 nation of the HF signal. 

[0149] Further, a SUBQ DATA signal is inputted into 
the control means 13 from the CD servo controller 21 . 
[01 50] This SUBQ DATA signal is a signal which rep- 
resents Q data in the subcode data. 

50 [0151] The subcode includes eight types referred to 
as P. Q, R. S, X U. V and W. One EFM frame includes a 
subcode of one byte in which each of P - W data is 
. recorded with one bit, respectively. 

[0152] Now, because one subcode frame is com- 

55 prised of 98 EFM frames, with each EFM frame having 
one bit for each P - W data, there are a total of 98 bits 
for each P - W data in one subcode frame. However, 
because the first two EFM frames are used for the 
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SYNC pattern (synchronization signal), there are actu- 
ally 96 bits for each P - W data. 
[0153] Next, Fig. 14 is a chart showing the format of 
the 96 bits of Q data. The'CONTROL given by Q1 - OA 
(4 bits) shown in this drawing are used to discriminate 
normal data or audio data. 

[0154] Further, the ADDRESS given by Q5 - Q8 (4 
bits) represents the contents of the data in Q9 - Q80 (72 
bits). 

[01 55] Further, the CRC (Cyclic Redundancy Code) in 
(Q81 - (Q96 (16 bits) is used to detect errors (to judge 
whether or not the data is wrong). 
[0156] Furthermore.'from this Q data it is possible to 
obtain information such as the absolute time information 
on the optical disc 2, the information of the present 
track, lead-in and lead-out, the music number, and a 
TOC (Table of Contents) recorded in the lead-in area. 
[0157] The control means 1 3 obtains such information 
from the Q data and then carries out predetermined 
operations. 

[0158] Further, the SUBCODE-SYNC signal is input- 
ted into the control means 1 3 from the CD servo control- 
ler 21. 

[0159] Now, as shown in Fig. 15, there are 98 bytes of 
subcode data in 98 EFM frames, and as mentioned 
above, the SYNC pattern (synchronization signal) is 
recorded in the two bytes which form the first two EFM 
frames, namely, SO and S1. 

[0160] When this SYNC pattern is detected, the CD 
servo controller 21 generates a pulse and then outputs 
it. Namely, a pulse is generated and outputted for every 
subcode frame (98 EFM frames). The signal which is 
formed by this pulse is the SUBCODE-SYNC signal. 
Further, the SYNC pattern is outputted 75 times every 
second in the case of the reference rotation speed (IX). 
[0161] Further, in the CD servo controller 21, the Q 
data is renewed after the SUBCODE-SYNC signal 
pulse has been detected. Then, the renewed Q data is 
read into the control means 13. 

(3) Focus Control, Tracking Control and Sled Control 

[01 62] In the error signal generating circuit 1 8, a focus 
error (FE) signal, a tracking error (TE) signal and a sled 
error (SE) signal are respectively generated by carrying 
out addition and subtraction and the like on the detec- 
tion signal from the split photodiode. 
[0163] The focus error signal is a signal which repre- 
sents the amount of displacement of the objective lens 
along the rotational axial direction away from the focus 
position' (i.e., the amount of the displacement of the 
objective lens from the focus position) and the direction 
thereof. 

[0164] The tracking error signal is a signal which rep- 
resents the amount of displacement of the objective 
lens along a radial direction from the center of the track 
(Pre-groove) (i.e., the amount of the displacement of the 
objective lens from the center of the track) and the direc- 
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tion thereof. 

[0165] Further, the sled error signal is a signal used 
for sled control, namely, in the sled servo (i.e., the servo 
for moving the pick-up base of the optical pick-up 3). In 
other words, the sled error signal is a signal which rep- 
resents the amount of the displacement of the optical 
pick-up 3 along a radial direction (i.e., the moving direc- 
tion of the optical pick-up 3) from, the target position 
(proper position) of the optical pick-up 3 and the direc- 
tion thereof. 

[01 66] The focus error signal is inputted into the CD 
servo controller 21. Further, the tracking error signal is 
also inputted Into the CD servo controller 21 and into the 
peak/bottom detection circuit 17, respectively, as 
described above. Furthermore, the sled error signal is 
also inputted into the CD servo controller 21 . 
[0167] Using these focus error signal, tracking error 
signal and sled error signal, the optical disc drive 1 car- 
ries out focus control, tracking control and sled control 
for a predetermined track. 

[0168] During focus control, a focus PWM (Pulse 
Width Modulation) signal for controlling the driving of 
the actuator 4 along the rotational axial direction is gen- 
erated in the CD servo controller 21. This focus PWM 
signal is a digital signal (continuous pulse). 
[0169] The focus PWM signal is inputted into the 
PWM signal smoothing filter 7 from the CD servo con- 
troller 21 and undergoes smoothing, namely, the focus 
PWM signal is converted into a control voltage (control 
signal), and it is then inputted into the driver 6. Then, 
* based on such control voltage, the driver 6 applies the 
focus signal (predetermined voltage) to the actuator 4 to 
drive the actuator 4 in the rotational axial direction 
(focus direction). 

[01 70] In this case, the CD servo controller 21 adjusts 
the pulse width (duty ratio) of the focus PWM signal so 
that the level of the focus error signal becomes zero 
(i.e., the level is reduced as much as possible), and 
reverses- the code of the focus PWM signal 
(pulse/minus sign). In this way, the objective lens of the 
optical pick-up 3 is positioned at the focus position. 
Namely, the focus servo is engaged. 
[0171] Further, during tracking control, a tracking 
PWM signal for controlling the driving of the actuator 4 
along the radial direction is generated in the CD servo 
controller 21. This tracking PWM signal is also a digital 
signal (continuous pulse). 

[0172] The tracking PWM signal is inputted into the 
PWM signal smoothing filter 7 from the CD servo con- 
troller 21 and undergoes smoothing, namely, the track- 
ing PWM signal is converted into a control voltage 
(control signal), and it is then inputted into the driver 6. 
Then, based on such control voltage, the driver 6 
applies the tracking signal (predetermined voltage) to 
the actuator 4 to drive the actuator 4 in the radial direc- 
tion (tracking direction). 

[01 73] In this case, the CD servo controller 21 adjusts 
the pulse width (duty ratio) of the tracking PWM signal 
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so that the level of the tracking error signal becomes 
zero (namely, the level is reduced as much as possible), 
and reverses the code of the tracking PWM signal 
(pulse/minus sign). In this way, the objective lens of the 
optical pick-up 3 is being positioned at the center of the 5 
track (Pre-groove). Namely, the tracking servo is 
engaged. 

[0174] Further, during the sled control, a sled PWM 
signal for controlling the driving of the sled motor 5 is 
generated in the CD servo controller 21 . This sled PWM 10 
signal is also a digital signal (continuous pulse). 
[0175] The sled PWM signal is inputted into the PWM 
signal smoothing filter 7 from the CD servo controller 21 
and undergoes smoothing, namely, the sled PWM sig- 
nal is converted into a control voltage (control signal), 15 
and it is then inputted into the driver 6. Then, based on 
such control voltage, the driver 6 applies the sled signal 
(predetermined voltage) to the sled motor 5 to rotation- 
ally drive the sled motor 5. 

[0176] In this case, the CD servo controller 21 adjusts 20 
the pulse width (duty ratio) of the sled PWM signal so 
that the level of the sled error signal becomes zero (i.e., 
to reduce the level as much as possible), and reverses 
the code of the sled PWM signal (pulse/minus sign). In 
this way, the pick-up base of the optical pick-up 3 is 25 
positioned at the target position (proper position). 
Namely, the sled servo is engaged. 
[0177] Further, in addition to tracking control, the 
tracking error signal is also used, for example, to control 
the movement of the optical pick-up 3 toward a prede- 30 
termined track (target track) of the optical disc 2 (i.e., to 
control track jump operations). 

(4) Rotation Number Control (Rotation Speed Control) 

35 

[0178] In the optical disc drive, the rotation number 
(rotation speed) of the spindle motor 8 is controlled dur- 
ing recording or playback so that the linear velocity 
becomes constant. The methods of controlling this rota- 
tion number include a method using a WOBBLE PWM 40 
(Pulse Width Modulation) signal, namely, a spindle 
servo (WOBBLE servo) which uses the WOBBLE sig- 
nal; a method using an FG PWM signal, namely, a spin- 
dle servo (FG servo) which uses an FG signal; and a 
method using an EFM PWM signal, namely, a spindle 45 
servo (EFM servo) which uses the EFM signal. These 
will be described below in the order mentioned above. 
[0179] The WOBBLE PWM signal is a signal for con- 
trolling the spindle motor, and it is generated by the 
WOBBLE servo controller 22. The WOBBLE PWM sig- so 
nal is a digital signal (continuous pulse) having a level of 
0 - 5V. 

[0180] This WOBBLE PWM signal is inputted into the 
PWM signal smoothing filter 12 from the WOBBLE 
servo controller 22 and undergoes smoothing, namely, 55 
the WOBBLE PWM signal is converted into a control 
voltage (control signal), and it is then inputted into the 
driver 11. Then, based on such control voltage, the 



driver 11 rotationally drives the spindle motor 8. 
[0181] In this case, the WOBBLE servo controller 22 
adjusts the pulse width (duty ratio) of the WOBBLE 
PWM signal so that the frequency (period) of the WOB- 
BLE signal becomes the target value (e.g., 22.05kHz at 
the reference rotation speed (1X)). In this way, the spin- 
dle servo is engaged to set the rotation number (rotation 
speed) of the spindle motor 8 at the target value. 
[0182] The FG PWM signal is a signal for controlling 
the spindle motor, and it is generated by the control 
means 13. The FG PWM signal is a digital signal having 
a level of 0 - 5V (continuous pulse). 
[0183] This FG PWM signal is inputted into the PWM 
signal smoothing filter 1 2 from the control means 1 3 and 
undergoes smoothing, namely, the FG PWM signal is 
converted into a control voltage (control signal), and it is 
then inputted into the driver 11. Then, based on such 
control voltage, the driver 1 1 rotationally drives the spin- 
dle motor 8. 

[0184] On the other hand, a FG (Frequency Genera- 
tor) signal corresponding to the rotation number (rota- 
tion speed) of the spindle motor 8 is outputted from the 
Hail element 9. This FG signal is digitized by the FG sig- 
nal digitization circuit 23 and such a digitized signal is 
then inputted into a frequency measurement (period 
measurement) section (not shown in the drawings) of 
the control means 13. 

[0185] In the frequency measurement section of the 
control means 13, the frequency (period) of the FG sig- 
nal is measured based on the clock signal from the 
dock 32. Then, the control means 13 adjusts the pulse 
width (duty ratio) of the FG PWM signal so that the fre- 
quency (period) of the FG signal becomes the target 
value. In this way, the spindle servo is engaged to set 
the rotation number (rotation speed) of the spindle 
motor 8 at the target value. 

[01 86] The EFM PWM signal is a signal for controlling 
the spindle motor, and it is generated by the CD servo 
controller 21. The EFM PWM signal is a digital signal 
having a level of 0 - 5V level (continuous pulse). 
[01 87] This EFM PWM signal is inputted into the PWM 
signal smoothing filter 12 from the CD servo controller 
21 and undergoes smoothing, namely,. the EFM PWM 
signal is converted into a control voltage (control sig- 
nal), and it is then inputted into the driver 11. Then, 
based on such control voltage, the driver 1 1 rotationally 
drives the spindle motor 8. 

[0188] In this case, the CD servo controller 21 adjusts 
the pulse width (duty ratio) of the EFM signal so that the 
EFM signal, that is a period of a predetermined pulse 
selected from the 3T - 1 1T period pulses becomes the 
target value in anywhere on the optical disc. In this way, 
the spindle servo is engaged to set the rotation number 
(rotation speed) of the spindle motor 8 at the target 
value. 

[01 89] In this connection, it should be understood that 
in carrying out the spindle servo, any one of the meth- 
ods mentioned above can be selectively used. 
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[0190] In the optical disc drive 1 , the type of the optical 
disc 2 is discriminated by the optical disc discrimination 
means, and the reliability of the discrimination results of 
the optical disc discrimination means is increased by 
the compensation means. Then, conditions related to 5 
recording or playback are set by the setting means in 
accordance with the discriminated disc type of the opti- 
cal disc 2. These operations are described below. 
[0191] In this connection, Fig. 1 7 is a flow chart show- 
ing the control operations of the control means 1 3 when 10 
the disc type of the optical disc 2 is being discriminated. 
Hereinbelow, a description is made with regard to this 
flow chart. 

[0192] This program, namely, the routine (CD-RW 
detection routine) for discriminating the disc type of the is 
optical disc 2 is executed when a disc tray (not shown in 
the drawings) for moving the optical disc 2 is positioned 
at a loading position. 

[0193] First, an initialization is carried out (Step 101). 
In this initialization step, each of the parameters is ini- 20 
tialized. Further, the gain switching signal is set at a high 
(H) level, and the analog switch 162 of the HF signal 
gain switching circuit 16 is turned ON. Namely, the 
amplification factor of the HF signal gain switching cir- 
cuit 16 is set at the CD-ROM/CD-R amplification factor 25 
(i.e., the first amplification factor). 
[0194] Next, at the same time the spindle motor 8 is 
driven, the laser diode of the optical pick-up 3 is driven 
(lighted), and then with the output of the laser diode 
maintained at a read-out output level, a focus control 30 
(first focus control) is started (Step 1 02). 
[0195] In this focus control, the objective lens of the 
optical pick-up 3 is first moved to a position closest to 
the optical disc 2, and then the objective lens of the opti- 
cal pick-up 3 is moved in a direction away from the opti- 35 
caldisc2. 

[0196] At this time, in the CD servo controller 21 , the 
HF signal from the HF signal gain switching circuit 16 is 
compared with a threshold value (threshold voltage 
value), and then a focus OK signal (FOK signal) is gen- ao 
erated and outputted. In the case where the HF signal 
level exceeds the threshold value, the focus OK signal is 
given a high (H) level, and in the case where the HF sig- ' 
nal level is equal to or less than the threshold value, the 
focus OK signal is given a low (L) level. 4S 
[0197] This focus OK signal is one of the STATUS sig- 
nals described above, and it is then inputted into the 
control means 13 from the CD servo controller 21/ 
[0198] In this connection, when the objective lens of 
the optical 3 approaches the focusing position of the so 
objective lens (hereafter/referred to as the "focusing 
position"),- the HF signal level suddenly rises and 
reaches a maximum when the objective lens reaches 
the focusing position. 

[0199] Further, the circuit constants such as the resist- 55 
ance values R1 - R3 of the resistors 163 - 165 of the HF 
signal gain switching circuit 16, namely, the amplifica- 
tion factor for CD-ROM/CD-R (i.e., the first amplification 



factor) and the amplification factor for CD-RW (i.e., the 
second amplification factor), and the threshold value are 
respectively preset so as to satisfy the following condi- 
tions. Namely, in the case where the objective lens of 
the optical pick-up 3 is at or near the focusing position, 
the level of the HF signal after amplification of the HF 
signal obtained from a normal CD-ROM and CD-R at 
the amplification factor for CD-ROM/CD-R is sufficiently 
greater than the threshold value, the level of the HF sig- 
nal after amplification of the HF signal obtained from a 
normal CD-RW at the amplification factor for CD- 
ROM/CD-R is sufficiently smaller than the threshold 
value, and the level of the HF signal after amplification 
of the HF signal obtained from a normal CD-RW at the 
amplification factor for CD-RW is sufficiently greater . 
than the threshold value; and in the case where the 
objective lens of the optical pick-up 3 is moved away 
from the focusing position or away from a position near 
the focusing position, the levels of the HF signals after 
amplification of the HF signals obtained from normal 
CD-ROM, CD-R and CD-RW at the amplification factor 
for CD-RW are sufficiently smaller than the threshold 
value. 

[0200] Accordingly, when a normal CD-ROM or CD-R 
is loaded into the optical disc drive 1, the focus OK sig- 
nal is first at a low (L) level, and then when the objective 
lens approaches the focusing position (i.e., reaches a 
position near the focusing position), the focus OK signal 
level becomes high (H). . 

[0201 ] In this focus control, when the focus OK signal 
level becomes high (H), the pules width (duty ratio) of 
the focus PWM signal is adjusted as well as the code bit 
of the focus PWM signal (sign) is reversed so that the , 
level of the focus error signal becomes zero (i.e., is 
reduced as much as possible) after the zero cross point 
of the focus error signal (S curve). 
[0202] In this way, when the focus servo is engaged 
and a focusing state is obtained, the focus OK signal is 
maintained at a high (H) level. 

[0203] On the other hand, if the focus servo is not 
engaged and a focusing state is not obtained, the focus 
OK signal is changed from a high (H) level to a low (L) 
level, and then the focus OK signal is maintained at this 
low (L) level. Further, there are cases in which the focus 
OK signal is maintained at a low level without ever being 
set at a high (H) level. 

[0204] In Step 103 (described below), if the focus OK 
signal is maintained at a high (H) level for a predeter- 
mined period of time, a focus control OK judgement is 
made, namely rt is determined that a focusing state has 
been obtained by engagement of the focus servo. On 
the other hand, if such a high (H) level is not maintained 
for the predetermined time period, a focus control NG 
judgement is made, namely, it is determined that a 
focusing state has not been obtained due to no focus 
servo being engaged. 

[0205] Further, in this focus control, it is possible to 
move the optical pick-up 3 in a direction approaching 



12 



23 EP 0 910 079 A1 24 



the optical disc 2 after having moved the objective lens 
of the optical pick-up 3 to the furthest position from the 
optical disc 2. 

[0206] Next, a judgement is carried out to determine 
whether or not a focus control NG is present, namely, 5 
whether or not a focusing state has not been obtained 
(Step 103). 

[0207] In the case where a focus control OK is judged 
to exist in Step 103, namely, in the case where it is 
determined that a focusing state has been obtained, a 
CD- ROM/CD- R mode is established (Step 1 04). 
[0208] By establishing this CD-ROM/CD-R mode, 
controls such as tracking control, sled control and rota- 
tion number control (rotation speed control) are started. 
[0209] In the CD-ROM mode, H is possible to carry out 
playback for CD-ROM and recording/playback for CD-R. 
[021 0] Now, in the case where the focus control is OK 
in Step 103, it is determined that a normal CD-ROM or 
a normal CD-R is loaded in the optical disc drive 1 (i.e., 
the loaded optical disc 2 is discriminated as being a nor- 
mal CD-ROM or a normal CD-R). 
[021 1 ] Further, in the case where the focus control is 
judged to be NG in Step 103, namely, in the case where 
it is judged that the focusing state has not been 
obtained, a judgement is carried out to determine 
whether or not how many times (N times) NG occurs 
continuously in the focus control (Step 105). 
[021 2] In the case where it is judged at Step 1 05 that 
there is no N times continuous NG in the focus control, 
the routine returns to Step 102 and then the steps after 
Step 102 are executed again. 

[021 3] Further, in the case where K is judged at Step 
105 that there is N times continuous NG in the focus 
control, the amplification factor of the HF signal gain 
switching circuit 16 is increased (Step 106). In this Step 
106, the gain switching signal is set at a low (L) level, 
and the analog switch 162 of the HF signal gain switch- 
ing circuit 16 is turned OFF. Namely, the amplification 
factor of the HF signal gain switching circuit 16 is set at 
the amplification factor for CD-RW (i.e.. the second 
amplification factor). 

[021 4] Next, as described previously, the focus control 
(i.e., the second focus control) is started (Step 1 07). 
[0215] In this focus control, when a normal CD-R is 
loaded, the focus OK signal is initially at a low (L) level, 
but when the objective lens of the optical pick-up 3 
approaches the focusing position (i.e., when the objec- 
tive lens is positioned near the focusing position), the 
focus OK signal is switched to a high (H) level. 
[021 6] Then, in the same manner as described above, 
in Step 108 (described below), if the focus OK signal is 
maintained at a high (H) level for a prescribed period of 
time, a focus control OK judgement is made, namely, it 
is judged that a focusing state has been obtained by 
engagement of the focus servo. On the other hand, if 
such a high (H) level is not maintained for the prescribed 
time period, a focus control NG judgement is made, 
namely, it is judged that a focusing state has not been 



obtained due to no engagement of the focus servo. 
[0217] Next, a judgement is carried out to determine 
whether or not the focus control is NG, namely, whether 
or not a focusing state has been obtained (Step 108). 
[0218] Then, in the case where it is judged at Step 108 
that the focus control is NG, namely, in the case where 
it is judged that the focusing state has not been 
obtained, an error process is carried out (Step 109). 
[021 9] In this error process, for example, the driving of 
the laser diode of the optical pick-up 3 is stopped 
(turned off) and the driving of the spindle motor 8 is also 
stopped. In addition, a predetermined alarm (warning) 
may be carried out, if necessary. 
[0220] In this connection, it is to be noted that in the 
case where the focus control is NG at Step 108, it is 
determined (discriminated) that an abnormal optical 
disc such as an abnormal CD-ROM, abnormal CD-R or 
abnormal CD-RW is loaded to no optical disc is loaded. 
[0221 ] Further, in the case where the focus control is 
OK at Step 108. namely, in the case where it is judged 
that a focusing state has been obtained, preparations 
are carried out for reading out the ATIP data (Step 110). 
[0222] In Step 1 1 0,. the optical pick-up 3 is moved to 
the Lead-in Area of the optical disc 2 in order to read out 
the special information from the ATIP data. Further, 
tracking control, sled control and rotation number con- 
trol (rotation speed control) are respectively carried out. 
[0223] Next, the optical pick-up 3 attempts to read out 
the special information, and a judgement is made as to 
whether or not this special information has been read 
out (Step 111). 

[0224] In the case where it is judged that the special 
information has been read out in Step S1 1 1 , the RW bit 
of the above-described Disc type identification is read 
out, and then a judgement is made as to whether or not 
this RWbit equals 1 (Step 112). 
[0225] In the case where it is judged that the RW bit 
equals zero in Step 112, an error process is carried out 
(Step 113). 

[0226] In this error process, for example, the driving of 
the laser diode of the optical pick-up 3 is stopped 
(turned off) and the driving of the spindle motor 8 is also 
stopped. In addition, a predetermined alarm (warning) 
may be carried out, rf necessary. 
[0227] Now, in the case where the RW bit equals zero 
in Step 1 1 2, it is determined (discriminated) that an opti- 
cal disc other than a CD-RW, such as an abnormal CD- 
R or the like, is loaded in the optical disc drive 1. 
Namely, Step 112 makes it possible to prevent estab- 
lishment of the CD-RW mode when an optical disc other 
than a CD-RW, such as an abnormal CD-R or the like, is 
loaded in the optical disc drive 1 . 
[0228] Further, in the case where it is judged that the 
RW bit equals 1 in Step 1 1 2, the CD-RW mode is estab- 
lished (Step 114). 

[0229] In this CD-RW mode, for example, data which 
represents that the loaded optical disc is CD-RW is 
added (written) into the status information (i.e., informa- 
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tion representing whether or not the loaded optical disc 
is a CD-RW) which his transmitted to the computer 41 
from the interface control portion 31. In this case, 
because the error rate increases in the case where a 
CD-RW is played back, the playback speed (rotation 5 
speed) is lowered In order to prevent such an increase 
In the error rate. Further, this information which repre- 
sents whether or not the load optical disc is a CD-RW is 
utilized, for example, to make a judgement as to 
whether or not the playback speed should be lowered. » 10 
In this CD-RW mode, it is possible to carry out recording 
and playback of a CD-RW. 

[0230] Now, in the case where the RW bit equals 1 in 
Step S112, it is recognized that a normal CD-RW is 
loaded {i.e. , the loaded optical disc 2 is discriminated as 75 
being a normal CD-RW). At this point, the program is 
ended. -V , 

[0231 ] As described above, the optical disc drive 1 can 
record and playback optical discs 2 having different 
reflectances, namely, CD-ROM, CD-R and CD-RW. 20 
[0232] In this regard, it is to be rioted that in the case 
where the disc type of the loaded * optical disc 2 is dis- 
criminated only by the focus control OK/NG (i.e. ; by the 
amount of received light reflected from the optical disc 
2), there is a case that a dirty CD-ROM and CD-R or a 25 
poorly written CD-ROM and CD-R are mistakenly dis- 
criminated as a CD-RW. However, in the disc drive 1 of 
the present invention, after using the focus control 
OK/NG to discriminate the disc type of the optical disc 
2, the special information in the ATIP data is utilized to 30 
carry out another discrimination (i.e., a plurality of differ- • 
ent discrimination methods are carried out), which 
makes it possible to improve the reliability of the dis- 
crimination results. For this reason, the present inven- 
tion can carry out more reliable recording/playback 35 
operations for different types of optical discs such as 
CD-ROM, CD-R and CD-RW. 

[0233] Further, in the optical disc drive 1 , because the 
operation for discriminating whether the loaded optical 
disc 2 is either a CD-ROM or CD-R or a CD-RW is car- 40 
lied out automatically to establish a playback or record- 
ing mode suitable for the discriminated disc type of the 
optical disc 2, the operations of the optical disc drive 1 
are easily carried out, and this makes it possible to carry 
out more reliable recording/playback for CD-ROM, CD- 45 
Rand CD-RW. • > 

[0234] Furthermore, it should be noted that even 
though the optical disc drive of the present invention 
was described with reference to the embodiment shown 
in the drawings, the present invention is not limited to so 
such structure, and it is possible to replace the various 
elements described above with any element capable of 
performing the same or similar functions. ' 
[0235] Further, even though the present embodiment 
described above is an optical disc drive for recording 55 
and playing back optical discs, the present invention 
also makes it is possible to construct an optical disc 
drive only for playing back optical discs. 



[0236] Further, even though the high reflectance opti- 
cal discs were described in the present embodiment as 
being CD-ROM or CD-R, the present invention is not 
limited to such dishes, and it is possible to use other discs 
such as a CD (compact disc) or the like. 
[0237] Further, even though the low reflectance opti- 
cal disc was described in the present embodiment as 
being a CD-RW, the present invention is not limited to a 
CD-RW. 

[0238] Further, the optical disc drive of the present 
invention may be constructed so as to be able to play- 
back or record and playback more than two types or 
more than four types of optical disc. 
[0239] Finally, it should be also noted that even though 
the optical disc drive of the present invention was 
described with reference to the embodiment shown in 
the drawings, the present invention is not limited, 
thereto, and any additions or changes may be made 
without departing from the scope of the following claims. 

Claims 

1 . An optical disc drive which can play back or record 
and play back different types of optical discs having 
different reflectances, comprising: 

a driving mechanism for rotating an optical 
disc; . 

detecting means for receiving light reflected 
from the optical disc and detecting a quantity of 
the received light based on a signal obtained 
from the received light; 

discriminating means for discriminating the 
type of the optical disc based on the obtained 
signal which varies by the difference between 
the reflectances of the optical discs. 

2. The optical disc drive as claimed in claim 1 , wherein 
the optical discs having different reflectances 
include a high-reflectance optical disc and a low- 
reflectance optical disc, and said discriminating 
means discriminates as to whether or not the opti- 
cal disc is the high-reflectance optical disc and the 
low-reflectance optical disc. 

3. The optical disc drive as claimed in claim 1 , wherein 
the detecting means includes means for amplifying 
the obtained signal at a first amplification level and 
at a second amplification level which is different 
from the first amplification level. 

4. The optical disc drive as claimed in claim 3, wherein 
the discriminating means includes first discriminat- 
ing means for discriminating the type of the optical 
disc based on the signal amplified at the first ampli- 
fication level, and second discriminating means for 
discriminating the type of the optical disc based on 
the signal amplified at the second amplification 
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when the type of the optical disc has not been dis- 
criminated by the first discriminating means. 

5. The optical disc drive as claimed in claim 4, wherein 
the second amplification level is higher than the first 
amplification level, in which the first discriminating 
means is used for discriminating the high-reflect- 
ance optical disc and the second discriminating 
means is used for discriminating the low-reflect- 
ance optical disc. 

6. The optical disc drive as claimed in claim 1 , further 
comprising means for discriminating the type of the 
optical disc based on information carried by the 
optical disc to identify the type of the optical disc. 

7. The optical disc drive as claimed in claim 6, wherein 
the information is time information previously 
recorded on the optical disc. 

8. The optical disc drive as claimed in claim 1, further 
comprising means for setting recording and playing 
back condition suitable for the finally discriminated 
type of the optical disc. 

9. An optical disc drive which can play back or record 
and play back different types of optical discs having 
different reflectances, comprising: 

a driving mechanism for rotating an optical 
disc; 

means for receiving light reflected from the 
optical disc and detecting a quantity of the 
received light based on a signal obtained from 
the received light, said means includes means 
for amplifying the obtained signal at a first 
amplification level and at a second amplifica- 
tion level which is higher than the first amplifi- 
cation level; 

first discriminating means for discriminating the 
type of the optical disc based on the signal 
amplified at the first amplification level; 
second discriminating means for discriminating 
the type of the optical disc based on the signal 
amplified at the second amplification; and 
third discriminating means for discriminating 
the type of the optical disc based on informa- 
tion carried by the optical disc to identify the 
type of the optical disc. 

1 0. The optical disc drive as claimed in claim 9, wherein 
the second discriminating means is used in the 
case where the first discriminating means cannot 
discriminate the type of the optical disc, and the 
third discriminating means is used in the case 
where the second discriminating means can not 
discriminate the type of the optical disc. 
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1 1 . The optical disc drive as claimed in claim 9, wherein 
the optical discs having different reflectances 
include a high-reflectance optical disc and a low- 
reflectance optical disc, in which the first discrimi- 

5 nating means is used for discriminating as to 
whether the optical disc is the high-reflectance opti- 
cal disc or not the second discriminating means is 
used for discriminating as to whether the optical 
disc is the low-reflectance optical disc or not, and 

7 o the third discriminating means is used for compen- 
sating the discriminated result of the second dis- 
criminating means. 

1 2. The optical disc drive as claimed in claim 9, wherein 
75 the information is time information previously 

recorded on the optical disc. 

13. The optical disc drive as claimed in claim 9, further 
comprising means for setting recording and playing 

20 back condition suitable for the finally discriminated 
type of the optical disc. 

14. A method of discriminating a loaded optical disc 
used in an optical disc drive which can play back or 

25 record and play back different types of optical discs 
having different reflectances, the method compris- 
ing the steps of: 

receiving reflected light from the loaded optical 
30 disc to produce a signal corresponding to the 

quantity of the received light, the signal being 
amplified at a fist amplification level; 
discriminating the type of the loaded optical 
disc based on the signal amplified at the first 
35 amplification level; and 

discriminating the type of the loaded optical 
disc based on the signal amplified at a second 
amplification level which is higher than the first 
amplification level. 

AO 

15. The method as claimed in claim 14, further com- 
prising the step of discriminating the type of the 
loaded optical disc based on the information carried 
by the optical disc. 

45 

16. The method as claimed in claim 14, wherein the 
optical discs having different reflectances include a 
high- reflectance optical disc and a low-reflectance 
optical disc, in which the first discriminating step 

so discriminates as to whether the optical disc is the 
high-reflectance optical disc or not. 

17. The method as claimed in claim 16. wherein the 
second discriminating step discriminates as to 

55 whether the optical disc is the low-reflectance opti- 
cal disc or not. 

18. The method as claimed in claim 17, whether the 
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third discriminating step is used for compensating 
the d.scriminated result of the second discriminat 
ing means. 

19 " iwl!^ ? d - imed in c,aim 18 ' wherei " 5 
.nformat^n ,s time mformation previously recorded 
on the optical disc. 
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FIG. 10 



INPUT SIGNAL (e.g. HF SIGNAL) 




AMPLITUDES OF INPUTTED SIGNAL (Envelope) 




OUTPUT FROM PEEK/BOTTOM DETECTING CIRCUIT 



PEEK OUTPUT 
(PEEK SIGNAL) 



. BOTTOM OUTPUT 
(BOTTOM SIGNAL) 
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FIG. 17 



ROUTINE FOR DISCRIMINATING TYPE OF 
OPTICAL DISC (DETECTION CD-RW) 
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